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Introduction ’ o . . . -
. \ . ' :

Factor analysis has been the predominant technique used to interpret the

structure of multiple-choice (M-C) athievement tests with binary résvonée data.

The major difficulty with this approach lies in the meaningful interpretation

of the resultant factor pattern matrix., This difficulty stems from the fact x
that the number of factors extracted often does not coincide with the number - .
of factors predicted by theory. o ' “

,Guilford (1941)-and Horst (1966) suggested that thé number. of factors
extracted will be determined by the number of lewels of difficulty.’in thg”'
test, even though the items themselves were homogenedus in respect to cantent
McDonald and Ahlawat (1974) asserted that "spurious' factors - such as those

. correlating with difficulty - are an artificat of the lirear factor analytic’

> model. The implication of the McDonald-Ahlawat assertion is that there is no
such thing as a "difficulty" factor; rather, that when impos&ng a linear
factor model on curvilinear data, factors interpreted as "spurjous" or due to
Mdifficulty" are, in fact, facters due to a curvilinear relation existing
between test scores and factor content. ‘ .

Gollob (1968a, 1968b) suggested that the item and person main effects
are confounded with the person by item interaction. In éttempting to develop
a modelgfor investigating individual differences, he maingaiﬁed Fhat a
meaningful distinction exists between person main effects and pattdrns of

* individual ifferences as represented in the person by ‘test interaction. The’
person main effect represents the individual's average performance across, tests
in relation.to other individuals. The pattern of the individuyal's perfermance,
on the other hand, represehts how that individual pcrforms on.any one test in )
relation to all other tests in the sample. In effect, this pattern of per- 4
formance is represented in the person by test interaction term in’ the ANOVA
model. Gollob's model, the FANOVA model, is essentially a factor analysis of

.this interaction term. This is-accomplished by subtracting out both row
(person) and column (test) main effects tq double ccnter the data matrix,.then
factoring the residual matrix (person by test interaction). . , .

) . Overall and Klett (1972) have incorporated Goixob's'logic.into a Linear
) . Typal Analysis Program that is similar to profile analysis. ."This program
attempts to describe the dig;gg;onality of the person by test interaction

I3

FD 124580

vynod
1 DONILY

050 BQ NOS¥3d IHL
3

[1} %
03 031vis

21340 4N3S
vx3 Q3X0

H93y N3IIG SYH 1INIWND0A SiHg

O M3A IO SINIOJD 1
NOILYING3
20 BANLIASNI IWNOILYN

“NIDIBO NOILVIINY
FWVAIAM T NCIZVING

YOd HO NO1iISOd N

A0
30 I1NLILSNI TYNOILYN v

-38d3d AVMHBYSSIDIIN LON
- woys 03AI13DIY SY ANLD

$SNOINIJO 8
-0

+

OHONA

DudSY HIHIENI NOUVYIKII O EFUSTUFES

BINMO
NP IYNOLLYN JHL KitW SININIZYOVY YIANN

“3ui 40 NOISSINMIY SIHINO

component of the total vari e from a person, or Q, point of view, thus
e grouping the patterns of ifdividual differences actording to their similarity
d This study hypothesized that the .patterns of individual differences
Cyb* - resulting from student performance on aptitude tests will prove useful, in
. establishing a taxonomy of M-C items that will facilitste the interpretation
‘K;Vb of the dimensionality of the M-C test. The connection between .the pa;terng“
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of individual differences and M-C items were established through the use of
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- multiple discriminant function technique, where the M-C items yere the dis-
. lf:D criminator variaples, and the groups of patterns of individual differences
K were the criteria. ) ) ‘ : N \
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Method

The 112 subjects used in the' analysis were drawn from 256 first year
. students at Wayne State University School of Medicine.
. The M-C items were selected from an examination covering the intro-
ductory unit composed of biochemistry, gross anatomy and cell biology. A
set of thirty-five (35) items‘were chosen according to two criteria; (1) a \
~ point biseréal coefficient between item scores and test 'scores of greater
than .15 and, (2) an item difficulty of greater than .15 and less than .85.
This set of thirty-five (35) items was used as discriminator variables in the
discriminant function analysis. '
. Lhe aptitude measures were based on the. Structdire of Intellect (S1) .
. model of Guilford (1974). The SI tests used in this study were chosen on the
basis of an a priori analysis of the relatlonshlp between the items.on mul-
‘tiple choice examinations from previous yedrs and the abilities the items
were purported to measure. As a result of this analysis, tests representing
eighteen (18) cells of the Guilford cube were selected with two (2) tests .
per cell. C o
The achlevement tests were administered in the normal course of the term .
The aptitude tests were administered to the entire first year class¥#s a
group in one day, prior to beginnirig their academlc studies. U
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Results °

2

The principal akes method of factor analysis with iterations for
communality estimate$ was used in an initial attempt to understand the ]
dimensionality underlying the M-C test. The factors .were rotated to a -
s1mple structure criterion using the direct oblimif® method of rotation.
This' method could yleld correlated factors. However, in all analyses, the
correlations among factors was low. . . ’ > s

The factor analysis of the thirty-five (35) items was not unequ1vocally '
interpretable by any frame of reference. Attempts were made-to interpret
this matrix using content, item difficulty, and'a-qevised Bloom taxonomy with:
no success. -

Six of the SI tests were excluded from the analysis due to extreme
skewness., The Lidear Typal Analysis of the thirty (30) remaining tests
indicated three clear groups of patterns of performance. The three (3) ’ N
groups were identiPied as evaluation, cognition, and*memory.

“The multiple discriminant function analysis resulted in a significant
set of discriminant functions (F=1.70, df=40, 180, p £.05) and dincluded
twenty (20).o0f thé thirty-five (35) items entered. 1t was quite apparent -
which items were the best discriminators between the groups.

- The factor pattern matrix of the thirty-five (35) M-C items was re-
intenpreted on the basis of the discriminant function analys1s from the ' ;
point of view of the relathonshlp between that 1tem and the group for which ’
it best discriminated. That is to say, if the item discriminated the ) 2
_cognition group from the evaluation and memory groups, it was clasblfled as a ‘ ’
fcognitlon question. If an item discrimimated the evaluation group from the
cognition and memory groups, it was classified as an evaluation question.

And, if an.item discriminated-the memory group from the evaluation and . i
< . cognition groups, it was considered a memory duestion. This re-interpretation. :
|
i
1
|
|
1

w

of- the factor pattern matrix, using the new taxonomjc scheme, made it quite
' S appérent that the dimensions underlying the multiple choice test were, to a :
large extent, representative of the type of ability called for to answer the
question. - ’
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Discussion

f -
One of the major findings of this study was fhat the inferpretation of
the dimensionality of an M-C examination from an individual differences point
of view. was useful towards understanding that dimensionality. However, the

“fact that this interpretation was not unequivocal stresses, the confounding

of the item main effect with the person by item interaction. |

~ The results reported in this study raise several questions' regarding
the intezp%etationvof M-C, examinations. First, since it has been shown that
taxonomic Systems can be further developed to explain the dimensionality of
an examination, is it fruitful to continue using total scores with the con-

_comitant loss of information in assessing performance?

Second, it is readily apparent that persons differ in regard to ability,
and M~C items are differentially related to these abilities, therefore, are
achievement ekaminations bBeing constructed that are biased against groups of
studerits due té over-emphasis on the way in which items are constructed?

Third, when there is a.strong person by test interaction .that is.not:
taken into account, might not the interpretation of the dimensionality of
the M-C items be misleading and/or spurious? :

D
> t

REFERENCES

Carfoll, J.B. The effect of difficulty and changg success on correlations
between items or between tests. Psychometrika, 10, 1-19; 1945.

Gollob, H.F. ‘A statistical model which combines ‘features of factor analytic
and analysis of variance techniques. Psychometrika, 33, 73-115, 1968a.

‘. Confounding of‘sourccs of variation in facto¥-analytic
techniques. Psychological Bulletin, 70, 330-344, 1968b. 1

Guilford, J.P. The difficulty of-a Xest and, its factor composition.:
Psychometrika, 6, 67-77, 1941.

, and Hoepfner, R. The Anélysisxof Intelligence. New York:
McGraw-Hill, 1971. ~ : ,

\

Horst, Paul. Psychological Measurement and Prediction. Belm'ont,~ California:
Wadsworth, 1966.° ) )

McDonald, R:Pﬂ and Ahtawat, K.S.  Difficulty factors in binary data.
Br. .J. Math. Statist. Psychol., 27, 82-99, '1974. ' .

J.E. and K;ett,"C.J:\ Applied Multivariate Analysis. New York:
Gray~-Hill, 1972 ’

L}
Y

-,

r-




